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Introduction
Colorectal cancer (CRC), the most common gastrointestinal malignant disease, represents the third most frequent type of cancer worldwide mainly affecting developed countries (Haggar et al., 2009; Kolligs, 2016; Favoriti et al., 2016; Doleman et al., 2016; Aran et al., 2016) . Different strategies have been implemented to improve patient response and life expectancy (Patil et al., 2017) , including the development of novel or combined therapies.
Photodynamic therapy (PDT) is an alternative and non-invasive approach for the treatment of a variety of cancers (Dougherty et al., 1998; Vicente, 2001; Detty et al., 2004; O'Connor et al., 2009; Dichiara et al., 2017) . It basically consists in the administration of a photosensitizer (PS) that is activated by visible light in the presence of oxygen to produce reactive oxygen species (ROS). The cellular damage produced by these cytotoxic species is finally responsible to kill cancer cells. The cell death pathways triggered by PDT depend on the chemical nature and intracellular localization of the PS, the light doses employed and the genotype of the irradiated cells (Almeida et al., 2004; Buytaert et al., 2007; Moserova et al., 2012) . Regardless of the molecular mechanism of death, the selective irradiation of cancer cells with minimal side effects represents an additional benefit of this therapeutic method.
Among the different types of PS employed in PDT, the phthalocyanines (Pcs) have shown various advantages, such as the activation by wavelengths within the photo-therapeutic window (600-800 nm), allowing thus a deeper light tissue penetration, the efficient production of singlet oxygen and a low skin photosensitivity (Margaron et al., 1996; Colussi et al., 1999; Fabris et al., 2001; Taquet et al., 2007; Marino et al., 2010) .
The endoplasmic reticulum (ER) is recognized as an essential organelle that maintains Ca 2+ homeostasis and is involved in post-translational modifications, folding and trafficking of new synthesized proteins. In addition, various studies have suggested an important role of the ER in the apoptotic process (Buytaert et al., 2007; Moserova et al., 2012) . In this regard, stressful stimuli that affect protein synthesis or protein folding can activate a signaling network known as unfolded protein response (UPR) to restore ER homeostasis (Schröder et al., 2005; Szegezdi et al., 2006) . The cell fate, in response to this activation, will depend on the ability to neutralize or not the stress, leading thus to cell survival or apoptosis.
We previously showed that the lipophilic phthalocyanine Pc9 (2,9(10),16 (17),23 (24) tetrakis[(2-dimethylamino)ethylsulfanyl]phthalocyaninatozinc(II)) encapsulated into
Tetronic® 1107 polymeric poloxamine micelles exerted an effective phototoxic activity both in 2D and 3D cultures of murine colon carcinoma CT26 cells (Chiarante et al., 2017) . We further demonstrated that after localizing into lysosome vesicles and ER cisterns, Pc9-T1107
promotes an apoptotic response (Chiarante et al., 2017) . Herein, we explored the contribution of the intracellular signals triggered after PDT to the activation of an apoptotic program in colon cancer-derived cells. We found that, after photoactivation of Pc9-T1107, both the permeabilization of the lysosomal membrane and the induction of ER stress led to the activation of a mitochondrial-dependent pathway of apoptosis. The role of the released lysosomal proteases and the effect of the higher Ca 2+ levels found into the cytosol on the regulation of an apoptotic response were also investigated.
Materials and Methods

Chemicals
Synthesis and purification of the sulfur-linked 2,9(10),16 (17) 
Photodynamic treatment
CT26 cells were plated in 96-well microplates at a density of 2 x 10 4 cells/well in RPMI-1640 supplemented with 10% FBS and incubated overnight at 37 °C until 70-80% of confluence. Then, culture medium was replaced by RPMI-1640 containing 4% FBS with or without different concentrations of Pc9-T1107. After 24 h, cells were exposed to a light dose of 2.8 J cm -2 , 1.17 mW cm -2 , with a 150 W halogen lamp equipped with a 10 mm water filter to maintain cells cool and attenuate IR radiation. In addition, a cut-off filter was used to bar wavelengths shorter than 630 nm, as described previously (O'Connor et al., 2009) . After irradiation, cells were incubated for an additional 24 h period and cell number was evaluated by the MTT reduction assay. In some experiments, cells were pre-incubated 1 h or 24 h before irradiation with different concentrations of specific protease inhibitors (Pepstatin A, CA-074 Me or aprotinin), a calcium chelator (BAPTA-AM) or a calpains inhibitor (PD 150606).
Cell cycle analysis
CT26 cells were incubated for 24 h in the presence or absence of 20 nM Pc9-T1107 at 37 °C. After irradiation (2.8 J cm -2 ), cells were incubated for different time periods, trypsinized and washed with cold PBS. 1 x 10 6 cells were fixed overnight with 1 mL of 70% cold ethanol and kept at 4 °C. Cells were washed twice with PBS and resuspended in 500 µL of 0.1% sodium citrate, 0.1% Triton X-100, 50 µg/mL propidium iodide (PI), pH 7.5. After incubating overnight at 4 °C, cell cycle phase distribution was assessed in a BD Accuri cell cytometer (BD Biosciences, CA, USA).
Flow cytometry DNA analysis
To evaluate the proportion of hypodiploid cells, approximately 1 x 10 6 CT26 cells were incubated for 24 h with or without 20 nM of Pc9-T1107 at 37 °C. After irradiation, cells were incubated for different time periods and treated as described above. The hypodiploid DNA content was then analyzed in a BD Accuri cell cytometer.
Caspase activity assay
After incubating CT26 cells for 24 h with 20 nM Pc9-T1107, cells were washed, irradiated with a light dose of 2.8 J cm -2 and incubated for different time-periods at 37 ºC. 1
x 10 7 cells were then lysed for 30 min at 4 ºC in 50 µL of lysis buffer (10 mM HEPES, pH 7.4, 50 mM NaCl, 2 mM MgCl2, 5 mM EGTA, 1 mM PMSF, 2 µg/mL leupeptin, 2 µg/mL aprotinin) followed by three cycles of rapid freezing and thawing. Cell lysates were centrifuged at 17,000 x g for 15 min and total protein concentration was determined using Bradford reagent. Aliquots containing 100 μg of protein were diluted in assay buffer (20 mM HEPES, 132 mM NaCl, 6 mM KCl, 1 mM MgSO4, 1.2 mM K2HPO4, pH 7.4, 20% glycerol, 5 mM DTT), and incubated at 37 °C for 1 h with 50 μM of the corresponding fluorogenic substrate for caspase 8 (Z-IETD-AFC) and caspase 9 (Ac-LEHD-AMC). Cleavage of the substrates was monitored by AMC or AFC release in a SFM25 Konton Fluorometer at 355 or 400 nm excitation and 460 or 505 nm emission wavelengths, respectively. In some experiments, cells were pre-incubated for 1 h with 80 µM of Pepstatin A before irradiation.
Western blot assays
CT26 cells were incubated for 24 h with 10 nM or 20 nM of Pc9-T1107, then washed with PBS and exposed to a light dose of 2.8 J cm -2 . After irradiation, suspensions containing 1 x 10 6 cells were immediately lysed for 30 min at 4 ºC in 10 μL of lysis buffer (0.5% Triton
X-100, 1 µg/mL aprotinin, 1 µg/mL trypsin inhibitor, 1 µg/mL leupeptin, 10 mM Na4P2O7, 10 mM NaF, 1 mM Na3VO4, 1 mM EDTA, 1 mM PMSF, 150 mM NaCl, 50 mM Tris, pH 7.4). Alternatively, irradiated cells were incubated for different times at 37 ºC and cell lysates were prepared. In some experiments, cells were pre-incubated before irradiation for 24 h with 100 µM of the calpain inhibitor PD 150606 or for 1 h with 80 µM of Pepstatin A, and cell lysates were prepared 1 h after irradiation. Clear supernatants were obtained after centrifugation at 17,000 x g for 10 min at 4 ºC and protein concentration was determined using Bradford reagent. Aliquots containing 50 µg of protein were resuspended in 0.063 M Tris/HCl, pH 6.8, 2% SDS, 10% glycerol, 0.05% bromophenol blue, 5% 2-ME, submitted to SDS-PAGE and then transferred onto PVDF membranes (GE Healthcare, Piscataway, NY)
for 1 h at 100 V in 25 mM Tris, 195 mM glycine, 20% methanol, pH 8.2. After blocking with 10 mM Tris, 130 mM NaCl and 0.05% Tween 20, pH 7.4, containing 3% bovine serum albumin (BSA), membranes were treated as the usual western blotting method. The applied secondary antibodies anti-mouse IgG (horseradish peroxidase-conjugated goat IgG) or antirabbit IgG (horseradish peroxidase-conjugated goat IgG) were from Santa Cruz Biotechnology, CA, USA. Immunoreactive proteins were visualized using the ECL detection system (Amersham Biosciences, Piscataway, NY) according to the manufacturer´s instructions. For quantification of band intensity, Western blots were scanned using a densitometer (Gel Pro Analyzer 4.0). Equal protein loading was confirmed by reprobing membranes with rabbit anti-actin (Sigma-Aldrich, Inc., Missouri, USA) or muose antitubulin antibodies (Abcam, Cambridge, UK).
Evaluation of mitochondrial membrane potential
In order to measure ΔΨm, CT26 cells pre-loaded with or without 20 nM Pc9-T1107
for 24 h in the dark at 37 ºC were treated with a light dose of 2.8 J cm -2 . Immediately after irradiation or 1-3 h later, cells were incubated with 40 nM of the potential-sensitive cationic lipophilic dye 3,3′-dihexyloxacarbocyanine iodide (DiOC6 (3)) for 30 min at 37 °C. Green fluorescence for DiOC6(3) was measured by using a BD Accuri cell cytometer.
Lysosomal stability assessment
CT26 cells were grown on coverslips and incubated in the presence or absence of 20 nM Pc9-T1107 for 24 h at 37 ºC in the dark. After photodynamic treatment with 2.8 J cm -2 , cells were incubated for different time periods and stained with acridine orange (5 µM, 30 min, 37 ºC) to label lysosomes (Boya et al., 2003) . In some experiments, cells were preincubated for 1 h before irradiation with 5 mM of the antioxidant TROLOX and stained 1 h after irradiation. Cells were examined with a fluorescence Olympus BX50 microscope with the corresponding filter, 470-490 nm excitation and 515 nm emission wavelengths.
Subcellular fractionation and immunodetection of Cathepsin D
After incubating CT26 cells for 24 h in the presence or absence of 20 nM Pc9-T1107, cells were washed with PBS and exposed to a light dose of 2.8 J cm −2 . Then, cells were incubated for different time-periods at 37 °C and for the detection of Cathepsin D suspensions containing 2 × 10 6 cells were washed twice with sucrose buffer (250 mM sucrose, 20 mM HEPES, pH 7.5, 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 0.1 mM PMSF, 1 µg/mL aprotinin, 1 µg/mL leupeptin), resuspended in 20 µL of sucrose buffer and incubated on ice for 15 min. Cells were then homogenized with a Dounce (40 strokes) and centrifuged at 1,000 × g for 10 min at 4 °C. The resulting supernatant
was centrifuged at 20,000 × g for 20 min at 4 °C, and final supernatants (50 µg of protein/lane) were loaded onto a SDS-PAGE, transferred onto PVDF membranes and revealed with an anti-Cathepsin D antibody. Quantification of band intensities was performed by using a densitometer (Gel Pro Analyzer 4.0). Actin was employed as loading control of cytosolic fraction.
Measurement of intracellular Ca +2 levels
To evaluate intracellular Ca +2 levels, CT26 cells (2 x 10 4 /well) were grown in culture medium supplemented with 10% FBS and incubated overnight at 37 ºC until 70-80% of confluence. Complete culture medium was then replaced by medium containing 4% FBS with or without different concentrations of Pc9-T1107. After incubating cells for 24 h, cells were washed with PBS, incubated with 2 µM of Fluo-4 AM for 30 minutes at 37 °C and then irradiated with a light dose of 2.8 J cm -2 . In some experiments, cells were pre-incubated for 1 h before irradiation with a 5 mM concentration of the antioxidant TROLOX. Fluorescence intensity values were determined with a FlexStation 3 microplate reader (Molecular Devices Inc., USA) at 494 nm excitation and 516 nm emission wavelengths.
Statistical analysis
The values are expressed as mean ± S.E.M of three different experiments. Statistical analysis of the data was performed by using one way analysis of variance (ANOVA) followed by Dunnett or Bonferroni post-hoc test where appropriate. p<0.05 denotes a statistically significant difference.
Results
A
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Pc9-T1107 treatment arrests cell cycle and regulates mitochondrial apoptosis
We have previously showed that the photoactivation of the lipophilic phthalocyanine Pc9 encapsulated into T1107 polymeric micelles induced a caspase 3-dependent apoptotic cell death both in 2D and 3D cultures of colon carcinoma CT26 cells (Chiarante et al., 2017) .
In order to characterize the cascade of intracellular events leading to cell photodamage, we first examined cell cycle phase distribution after incubating CT26 cells pre-loaded with a 20 nM concentration of Pc9-T1107 for different times after irradiation ( Fig. 1A ). Immediately after light exposure, Pc9-T1107 treatment caused a significant decrease of the percentage of cells in G0/G1 and an increase in the population of cells in S and G2/M phases (Fig. 1A) . This effect on cell cycle phases was maintained for at least 5 h post-irradiation (p.i.) ( Fig. 1A) . 
To further characterize the apoptotic response induced by Pc9-T1107, we examined the expression levels of several members of the Bcl-2 family of proteins. As shown in Fig.   2A , a marked down-regulation of the anti-apoptotic proteins Bcl-XL and Bcl-2 was observed immediately after irradiation (0 h p.i.), an effect that lasted for at least 3 h. It was also detected an almost complete loss of Bid, suggesting the cleavage of the full-length form to the truncated pro-apoptotic tBid (Kaufmann et al., 2001) . Noticeably, the proteolytic cleavage of the pro-apoptotic Bax protein was also detected as a result of Pc9-T1107 photoactivation, being Bax levels reduced immediately after irradiation ( Fig. 2A ). In addition, the cleavage of PARP-1, a caspase 3-substrate that plays a role in DNA repair (Rodríguez-Hernández et al., 2006; Hassa et al., 2008) was also evident 3 h after irradiation of Pc9-loaded cells ( Fig.   2A ).
The involvement of the mitochondrial pathway was next studied by determining the mitochondrial membrane potential (ΔΨm) with the DiOC6(3) green fluorescent probe.
Results shown in Fig. 2B revealed that the population of cells with loss of membrane potential increased immediately at 0 h p.i. (26.6 ± 11.9 % versus 1.1 ± 0.4 %, control cells) and even more 1-3 h after light exposure (51.0 ± 9.7 % and 44.0 ± 9.3 %, respectively).
Pc9-T1107 affects lysosomal membrane stability
In a previous study, we demonstrated that Pc9-T1107 localizes mainly into lysosomal vesicles and ER cisterns in CT26 cells and that Pc9-T1107 induced the generation of ROS immediately after cell irradiation (Chiarante et al., 2017) . In order to gain a better understanding of the molecular mechanisms mediating the cell death by Pc9-T1107, we examined the biological effects triggered by ROS formation in the intracellular organelles retaining Pc9-T1107. When CT26 cells were stained with acridine orange, a dye that is
trapped within acidic organelles such as lysosomes, a remarkable decrease of the fluorescence was immediately observed after irradiation, suggesting the partial permeabilization of the lysosomal membrane (Fig. 3A) . To further corroborate this observation, the cells were incubated in the presence of 5 mM TROLOX, an antioxidant concentration previously reported to protect cells from the phototoxic effect of Pc9-T1107 (Chiarante et al., 2017) . As shown in Fig. 3 B, no loss of acridine orange fluorescence was detected, suggesting that ROS generated upon irradiation contribute to alter the integrity of lysosomal membranes. In addition, the approximately 2.5-fold increase in the cytosolic levels of the lysosomal enzyme cathepsin D observed 1-3 h after irradiation also indicated the destabilization or partial permeabilization of the lysosomal membrane ( Fig. 3C ). We further evaluated the expression levels of the heat shock protein 70 (Hsp70), a molecular chaperone that has been involved in maintaining the integrity of lysosomal membranes (Nylandsted et al., 2004; Doulias et al., 2007; Petersen et al., 2010) . The almost 50% reduction of Hsp70 levels determined at different times after light exposure also supported the conclusion that Pc9-T1107 photoactivation promotes the permeabilization of the lysosomal membrane ( Fig.   3D ).
Based on these findings, we next evaluated the effect of different proteases inhibitors on cell survival. Thus, it has been reported that Pepstatin A inhibits various aspartic proteases that reside in the lysosomes, including Cathepsin D (Johansson et al., 2003; Heinrich et al., 2004; Liaudet-Coopman et al., 2006) , whereas CA-074 Me behaves as a Cathepsin B
inhibitor (Cho et al., 2013; Victor et al., 2011) . A significant increase in cell survival was observed after irradiation of Pc9-loaded CT26 cells pre-incubated 1 h before light exposure with 80 μM Pepstatin A or 1 μM CA-074 Me (Fig. 4A and B) . Similar results were observed when the cultures were pre-incubated with aprotinin, a serine protease inhibitor (Dobkowski et al., 1998; Peters et al., 1999) , suggesting that besides cathepsins D and B, other proteolytic enzymes contribute to the phototoxic action mediated by Pc9-T1107 (Fig. 4C ). In addition, since it has been described that Cathepsin D released in a ROS-dependent manner can activate caspase 8 (Conus et al., 2008; Marino et al., 2013) , 
Pc9-T1107 triggers endoplasmic reticulum stress
The intracellular localization of Pc9 in the ER led us to evaluate whether the local generation of ROS could activate the ER stress response referred to as unfolded protein response (UPR). To examine the role of ER stress in the apoptotic response induced by Pc9-T1107, the expression of several UPR-related proteins was determined at different times after irradiation of Pc9-treated CT26 cells. Results obtained by Western blot revealed a significant increment of the expression levels of the ER chaperones GRP78/BIP, calnexin and heat shock proteins (Hsp) 90 and 110, at 3 h p.i. (Fig. 5A ). In addition, as part of the stress response, we further explored the influence of PDT treatment on the release of Ca 2+ into the cytosol. A
A C C E P T E D M
A N U S C R I P T dose-and time-dependent increase in cytosolic Ca 2+ was determined at different times after irradiation of CT26 cells loaded with IC50 or 2xIC50 of Pc9-T1107 (Fig. 5B ). When CT26 cells exposed to 2xIC50 of Pc9-T1107 were pre-incubated with a 5 mM concentration of the antioxidant TROLOX, a reduction in the intracellular Ca 2+ concentration obtained at 3 h p.i.
was evident, suggesting the involvement of ROS in the deregulation of Ca 2+ levels (Fig. 5C ).
The influence of Ca 2+ as a mediator of death signals was then assessed by using the Ca 2+ chelator BAPTA-AM. As shown in Fig. 5D , the antiproliferative action promoted by 2 nM of Pc9-T1107 was partially reversed in the presence of BAPTA-AM, indicating a role for Ca 2+ in the mechanism of cell death. (Kuzyniak et al., 2016) , and an S phase arrest was observed in response to PDT with a phenylporphyrin derivative in lung carcinoma cells Wang et al., 2015) .
Because the activation of the Ca
Pc9 treatment was also associated to several typical features of apoptosis (Kaufmann et al., 2001; Hengartner, 2000; Galluzzi et al., 2012) , including activation of caspases 8 and 9, loss of mitochondrial membrane potential, activation of Bid, the decrease of the antiapoptotic proteins Bcl-2 and Bcl-XL and PARP-1 cleavage. After identifying the apoptotic cell death triggered by PDT, we examined the role of lysosomes and ER, the organelles that retain the photosensitizer and therefore represent the main sites that initiate the cascade of molecular signals leading to cell photodamage (Buytaert et al., 2007; Olinick et al., 2002; Chiu et al., 2010) . It has been reported that the peroxidation of membrane lipids favoured by ROS formation can alter the integrity of lysosomal membranes (Roberg et al., 1999;  Repnik Kågedal et al., 2001) . Our data showed that the loss of the acridine orange fluorescence observed after irradiation of Pc9-loaded CT26 cells was reversed in the presence of TROLOX, suggesting the mediation of ROS in the destabilization of lysosomal membranes. This result was supported by the increment in cytosolic Cathepsin D, a lysosomal enzyme involved in the regulation of an apoptotic response (Repnik et al., 2012; Guicciardi et al., 2004; Johansson et al., 2010; Boya et al., 2008) . We also observed, as a result of Pc9 photoactivation, a down-regulation of Hsp70, a lysosomal stabilizer that inhibits membrane permeabilization (Nylandsted et al., 2004; Doulias et al., 2007; Petersen et al., 2010) . Consistent with our findings, the contribution of lysosomal membrane permeabilization to the apoptotic death induced after PDT has been previously described for other lysosome-targeted photosensitizers, such as a cationic zinc(II) phthalocyanine (Marino et al., 2013) , chlorin e6 formulations (Reiners et al., 2002; Li et al., 2016) , and the porphyrin derivative ATX-s10 (Ichinose et al., 2006) , among others.
Lysosomal enzymes released into the cytosol appear to play a role as mediators of apoptosis through the digestion of critical intracellular proteins (Repnik et al., 2012; Johansson et al., 2010; Boya et al., 2008) . In this study, the contribution of lysosomal enzymes to cell death was first supported by the increase in cell survival observed after preincubating Pc9-loaded CT26 cells with different proteolytic inhibitors. We next showed that the activation of caspase 8 induced after PDT was significantly inhibited in the presence of Pepstatin A, suggesting that Cathepsin D behaved as an upstream regulator of caspase 8 activation. A Cathepsin-dependent activation of caspase 8 has been previously reported in the apoptosis induced both in neutrophils (Conus et al., 2008) and some cancer-derived cells (Jancekova et al., 2016; Lin et al., 2016) . We also showed that Cathepsin D inhibition increases the full length protein Bid, indicating a role of this lysosomal protease in Bid
degradation and activation, in a similar way to that reported by other authors after PDT (Stoka et al., 2001; Reiners et al., 2002; Droga-Mazovec et al., 2008; Appelqvist et al., 2012) . In summary, Cathepsin D actively participates in the mechanism of Pc9-induced CT26 cell death by altering the levels of apoptotic intracellular signals.
We further evaluated the involvement of an ER stress response after Pc9-T1107 photodynamic treatment of CT26 cells. The endoplasmic reticulum is an organelle that exerts an important role in protein synthesis, folding and trafficking, and functions as calcium storage within the cell. Among the different insults that can disturb ER homeostasis, we inquired whether Pc9 incorporated into ER cisterns could cause stress and activate an UPR after PDT. While ER stress leads to the accumulation of misfolded proteins in the ER lumen and the release of calcium into the cytosol, UPR activation helps to attenuate protein synthesis and to increase protein folding and degradation (Buytaert et al., 2013; Rao et al., 2004; Li et al., 2014; Hiramatsu et al., 2015) . However, although UPR tries to restore ER homeostasis, an excessive stress or a failure to overcome the stress can lead to cell death.
After PDT of Pc9-loaded CT26 cells, we found higher expression levels of several ER chaperones, such as GRP78/BIP, calnexin, Hsp90 and Hsp110. In addition, the release of Ca 2+ into the cytosol was partially blocked by the antioxidant TROLOX, suggesting that ROS are certainly affecting calcium storage. In this regard, it has been reported that the photooxidative damage to the ER Ca 2+ -ATPase-2 (SERCA2) pump, an enzyme mediating the active transport of calcium from the cytosol to the ER, is associated to an increase of cytosolic Ca 2+ (Buytaert et al., 2006; Buytaert et al., 2007) . It has also been reported that Ca 2+ mitochondrial uptake favors the increase of the inner mitochondrial membrane permeability, resulting in the release of apoptogenic factors into the cytosol (Orrenius et al., 2003) . We found that higher levels of Ca 2+ contributed to cell death, as showed by the increment in cell
survival obtained in the presence of the chelator BAPTA-AM. We also presented evidence of the activation of the mitochondria-dependent pathway of apoptosis. Thus, our results indicate that an ER stress response participates in the apoptotic cell death caused after photodynamic treatment with Pc9-T1107. In the same way, apoptotic death caused by Ca 2+ disruption has been described for other photosensitizers mainly localized in the ER, such as hypericin (Buytaert et al., 2006) and ethylene glycol (EG)-porphyrin derivatives with EG chain in meta position (Moserova et al., 2012) .
The higher cytosolic Ca 2+ concentrations found after photoactivation of Pc9 can also contribute to the activation of calpains (Buytaert et al., 2007; Moserova et al., 2012) . The significant increase in cell survival observed after irradiation of Pc9-loaded cells preincubated with the calpains inhibitor PD 150606 certainly suggested a role of calpains in CT26 death. Furthermore, the almost full recovery of Bax expression levels obtained in the presence of PD 150606 indicated the involvement of calpains in Bax photodamage.
In particular, the cleavage of the anti-apoptotic protein Bcl-2 by calpains after PDT has been previously described (Almeida et al., 2004; Buytaert et al., 2007; Oleinick et al., 2002) .
Although a calpain-dependent damage of the pro-apoptotic protein Bax after photodynamic treatment of cells has not yet been reported, it is possible to propose that calpains might contribute to Bax fragmentation to a more apoptotic fragment as showed in other apoptotic processes (Toyota et al., 2003) .
Conclusions
In this work, we delineated the molecular signals leading to an apoptotic cell death after photoactivation of Pc9-loaded CT26 cells (Fig. 7) . The generation of singlet oxygen and 
